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© Test strip device with volume metering capillary gap. 

@ A method for quick and rapid reading of a dip 
and read device (t) in a liquid sample using a device 
(1) having a reactive surface (4) and a capillary gap 
for controlled fluid flow comprising two opposing 
surface areas (2, 4) spaced apart throughout a capil- 
lary zone (5) of intended liquid transport at a dis- 
tance no greater than that which will maintain a 
capillary flow of liquid introduced . therebetween, 
means (5) to permit introduction of a test specimen 
between these surfaces, there being formed between 
said opposing surfaces an air vent means {26, 37) to 
permit any entrapped air to quickly escape from the 
sample chamber and thereby avoid interference with 
the observation of the test results. 
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TEST STRIP DEVICE WITH VOLUME METERING CAPILLARY GAP 



Field of the Invention 



The present invention relates to a test strip 
device and method for testing a determined 
amount of a liquid sample and, more particularly, to 
a test strip device and method that permits the , 
device to be Immersed in relatively large volumes 
of liquids and the control of a determined amount 
of said liquid for contact onto a reactive surface 
which enables visual or other sensing means to 
ascertain the presence of a sought after component 
in the liquid sample and/or the amount of said 
component 

Description of the Prior Art 



A considerable variety of testing and analytical 
elements have been developed over the years. 
Chemical analysis of liquids such as water and 
foodstuffs, and especially biological fluids such as 
blood and urine is often desirable or necessary for 
the health and welfare of any population. Many 
different types of testing devices to facilitate such 
analyses have been developed in the industry. 
Some of these devices for liquid analysis require 
the addition of another liquid reagent which is ca- 
pable of undergoing a reaction leading to the for- 
mation of a colored material or other detectable 
change. Other systems depend on a dry system 
such as pH papers and the like, where the paper or 
other highly absorbent carrier is impregnated with a 
material which is chemically reactive or responsive 
in contact with the liquid containing the substance 
under analysis, termed an "analyte", and generates 
a color or other type of change. Depending upon 
the selection of responsive material, the change is 
usually qualitative or at best semi-quantitative. For 
diagnostic chemical analysis wherein the testing of 
biological fluids such as blood, plasma, urine and 
the like are utilized, it is preferable to produce 
highly quantitative results rapidly and conveniently. 
Also, it is desirable to precisely control and monitor 
the amount of liquid specimen that is subjected to 
the test. This is important especially in tests which 
involve machine reading of test substrates where it 
is necessary that a calibrated amount of the test 
specimen is exposed to the test substrate so that 
the proper reaction will take place and that any 
interference with optical detection or other detec- 
tion of color changes is avoided. 

A variety of devices and methods have been 



developed for transporting liquid in a controlled and 
predetermined flow pattern. Many of such items 
have been concerned with uncontrolled and un- 
directed capillary flow of the liquid across surfaces, 
s Some problems that have been encountered with 
uncontrolled flow include formation of trapped air 
pockets and incomplete wetting of certain portions 
of the surface. Air pockets create problems when 
the test device is examined through a microscope 
io or other automatic methods because the examina- 
tion of the liquid and/or the wetted surfaces results 
in different test data being collected. The examina- 
tions and automated systems are based on a pre- 
sumption of the presence of the liquid in the scan- 
/s ning area and therefore the absence of the liquid in 
the relevant scanning area will throw off the value 
of the reading and will give an unreliable result. 
The problem of air pockets is a common occur- 
rence particularly when dealing with configurations 
20 which have sharp corners and synthetic resin sur- 
faces which are generally hydrophobic. 

A variety of different types of liquid transport 
devices have been developed in the prior art in- 
cluding that shown in Columbus. U.S. 4,233,029, 
25 which describes a device containing a means for 
directing capillary flow along predetermined paths 
by use of grooves in the opposed surfaces of a 
capillary chamber. 

Another configuration for the transport of a 
30 liquid test specimen is shown in Columbus, U.S. 
4,254,083, which provides for an exterior drop re- 
ceiving surface containing a particular opening con- 
figuration which is intended to facilitate the center- 
ing of the drop. 
35 Buissiere et a!., U.S. 3,690,836, describe a 
device consisting of a capillary space between two 
plastic sheets which are sealed in a continous 
perimeter and which enclose an uncompressed ab- 
sorbent material which fills the capillary space. At 
40 least one opening at the top sheet provides for 
access to the reaction chamber. 

A liquid transport device which provides for 
diversion of capillary flow into a second zone is 
shown in Columbus, U.S. 4,473,457. The device 
45 has two pathways for flow of the specimen and 
permits the introduction of two different specimens 
through two apertures. The two liquids then will 
flow towards and into a common area. The configu- 
ration of the structure of Columbus permits poten- 
50 tiometric determinations to be made. See also Co- 
lumbus. U.S. 4,302,313, which shows a device suit- 
able for potentionmetric analysis of liquid ions. 
Special grooved surfaces under the member 36 are 
said to control capillary flow. 

Another device is shown by Columbus, U.S. 
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4,271,119, which has a downstream diverting ap- 
erture in a wall member of a first capillary zone 
which provides capillary flow into a second capil- 
lary zone extending from that wall member. 

Columbus, U.S. 4,323,538. discloses a multi- 
analyte test device. Liquid flow control means are 
included such that liquid is confined to a plurality of 
flow paths. 

In the U.K. published application G.B. 
2090659A, there is shown an analytical device with 
a self-filling metering channel for use by touching 
the metering channel inlet to a drop of blood. 



Summary of the Invention 



The present invention pertains to a test strip 
device capable of volume metering of liquid sam- 
ples onto a reactive surface in a capillary gap 
device that can be used for the testing of large 
volumes of liquid specimens by the so-called "dip 
and read" method while avoiding air entrapment 
problems associated with prior know devices. The 
device provides for a rapid and uniform distribution* 
of a predetermined volume of a liquid test speci- 
men onto a reactive surface for the determination 
of a particular component or components that may 
or may not be present in the liquid test specimen. 
The volume of sample applied to the surface is 
limited to that amount which resides within a sam- 
ple capillary gap or sample reading chamber. Ex- 
cess sample simply runs off the device when the 
device is removed after dipping into the test speci- 
men liquid. The configuration and structure of the 
device is such that entrapment of air is greatly 
reduced which thereby makes the devices of the 
present invention especially well suited for use in 
dip and read applications when there is a need to 
test large volumes of liquid, such as is the case 
when performing urine analysis. 

Application of a uniformly distributed sample 
onto a reactive surface and control of the sample 
volume are important features of the present inven- 
tion and thereby enable avoidance of problems 
associated with dry reagent films and papers. 

The aforementioned advantages permit one to 
choose a sample volume appropriate to the chem- 
istry and reactivity of the reactive material by con- 
structing the device in dimensions so that the 
length, breadth and depth of the capillary gap and 
hence the total volume entrained by the sample 
reading chamber of the device can be tailored for 
specific end uses if desired. 

With the devices of the present invention, no 
special measures need be taken to remove excess 
fluid beyond the capacity of the capillary gap. Any 
excess sample will simply drain off the outer sur- 



faces of the device. 

Other features and advantages of the present 
invention will become apparent from the following 
detailed description taken in conjunction with the 
5 drawings. 



Brief Description of the Drawings 

70 

Figure 1 is a perspective view of one em- 
bodiment of the capillary gap device of the present 
invention; 

Figure 2 is a perspective view of another 

is embodiment of the present invention; and 

Figure 3 is a top view of an alternative 
arrangement of the present invention, which is par- 
tially assembled. 

Major problems associated with prior art de- . 

20 vices are solved by the device of the invention. For 
example, with dry reagent films and papers, it is 
difficult utilizing prior art techniques to obtain an 
application of an uniformly distributed sample over 
a finite surface area of a test surface. In many 

25 instances, the sample will not travel into the sample 
chamber under proper conditions; too much sam- 
ple is in contact with the sample chamber or not 
enough of the liquid is in contact therewith. The 
device of the present invention permits close and 

30 carefully monitored control of the sample volume 
so that only a previously determined calibrated 
amount of liquid to be analyzed will be in contact 
with the test surface. Therefore, these advantages 
permit one to choose a sample volume that is 

35 appropriate to the particular test that is being car- 
ried out taking into consideration the nature of the . 
fluid that is being tested and the nature of the 
reagent film. 

The device of the invention presents a novel 

40 construction and configuration whereby prior art 
problems associated with air entrapment are es- 
sentially eliminated. Thus, the dimensions and ar- 
rangement of elements are such that any air can 
pass out of the device and be released in an 

45 expeditious manner to avoid interference with the 
test readings. 

The device of the present invention can be 
fabricated in various different sizes. Accordingly, 
the dimension of the capillary gap can be varied as 

so desired. Capillary gap devices can be made in 
various sizes depending upon the total volume of 
the sample that is desired to be entrained. This will 
depend at least in part upon the particular means 
chosen for reading the results; i.e., either automatic 

55 or visual means. Excess sample simply drains off 
and therefore does not interfere with obtaining a 
proper reading. 

It is important to note that the present invention 
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is not simply a fluid transport or spreading device 
but instead is a volume metering device which is 
designed to accommodate a range of sample vol- 
umes from a minimum of about 5 to 10 micro liters 
up to about 100 to 200 micro liters without washing 
or wiping off the excess liquid and without asso- 
ciated air entrapment problems. 

It Is therefore an important feature of the 
present invention to provide a fluid metering test 
strip device with a capillary gap structure contain- 
ing a sample chamber of a defined volume. 

ft is a further feature of the present invention to 
provide a capillary gap device which permits rapid 
air release and prevents interference with the abil- 
ity to read test results by manual or machine 
methods. 

A further feature of the present invention is to 
provide a test strip device that is open on at least 
two sides, preferably four sides, and thereby per- 
mits rapid filling with sample liquid and quick re- 
lease of any entrapped air. 

A further feature of the present invention is to 
provide a test strip device for immersion into rela- 
tively large liquid specimens and having an air vent 
channel with an opening that is always intended to 
be positioned or held above the liquid into which 
the test device is immersed. 

A still further feature of the present invention is 
to provide a capillary gap device having a multiple 
read area which avoids interference due to air 
entrapped by providing an air vent channel in the 
device for rapid release of air. 



Detailed Description of Invention 



Described in further detail, the device of this 
invention features a capillary transport for biological 
liquids particularly whole blood which can be visu- 
ally inspected or subjected to an automated sys- 
tem for sample reading. The device can be utilized 
by immersions into any liquid to be tested for the 
presence or absence of an analyte by the so-called 
"dip and read" system. The capillary gap controls 
the amount of the liquid carried through an opening 
port from the liquid specimen source to the reac- 
tive surface or test matrix. The device of the 
present invention features the metering of the fluid 
into a capillary gap containing a sample chamber 
of a defined volume. 

The device of the present features appropriate 
air vent channel means so as to permit rapid and 
complete venting of any entrapped air without inter- 
fering with the reading and observation of the de- 
vice. 

The device of the present invention as repre- 
sented by the embodiment of the invention illus- 



trated in Rgure 1 includes a capillary device 1, of 
generally rectangular geometry, having a major 
axis and a minor axis and including a lower ex- 
tended member 2 which serves as the strip handle, 

5 an intermediate spacer 3, and a top member 4. 
The top member or layer comprises the reagent 
detection means. The top is constructed as may be 
necessary or desirable to permit visual observation 
or recordation of the test result by manual or 

io machine means. 

The spacer layer 3 defines the internal capil- 
lary gap or chamber and as shown in Figure 1 
corresponds to two rectangular members of length 
equal to be fitted flush with the outside edges of 

75 lower extended member 2. The dimension of the 
interior capillary gap space are indicated by the 
letters "I" for length, "b" for breadth and "d" for 
depth. These dimensions can be varied as desired 
in the manufacture of these devices depending at 

20 least in part on the type of test for which they are 
intended. Generally, the distance between the top 
member 4 and lower member 2, indicated by "d" 
ranges from 0.007 to 0.08 cm. 

The top layer 4 is the reagent containing layer 

25 and can be a reagent impregnated fibrous layer or 
a gelatin coated layer. Any one of a wide variety of 
reagent layers or matrices, including powders, can 
be used in accordance with the invention. Many 
conventional reagent systems are available and the 

30 specific choice of which reagent selected will de- 
pend upon the tests to be carried out. 

The top layer 4 can comprise a mono or mul- 
tilayer reagent material or a reagent matrix of any 
conventional type. 

35 In the manufacture of the test device of the 
invention, the top layer 4 can be cut or stamped 
from a suitable material, such as a monolayer or 
multilayer reagent material. Whether it be in mon- 
olayer or multilayer form, the reagent top layer can 

40 also be molded or shaped to include depending 
side or corner portions so as to eliminate the need 
for separate spacer member means as will be 
described in further detail. 

The spacer layer 3 can be formed of any 

45 suitable material such as a thermoplastic material 
which, upon heating, can be utilized to adhere the 
top layer 4 to the lower layer 2. Any suitable, 
dimensionally stable thermoplastic material can be 
used for this purpose such as polyamides, polyeth- 

50 ylene, polypropylene, PVC, copolymers thereof and 
the like. Alternatively, a separate adhesive com- 
position can be interposed between the layers in a 
sufficient amount to adhere all layers together in a 
secure and permanent fashion. Such adhesive sub- 

55 stances are known in the art and any suitable one 
can be used provided it does not react with any 
test specimens. 

It will be understood that any suitable way of 
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joining the layers together can be used. Among 
other ways of assembling the various layers are 
welding the layers by ultrasonic means. In a yet 
further variation, a mechanical clamp can be used 
to maintain the layers together. 

The dimensions of the capillary gap device can 
vary widely but it has been found that a particularly 
useful dimension is a ratio of about 3 to 1 overall 
length vs. width; that is, 2.5 to 8.5 cm in overall 
length by 0.5 to 2.4 cm in width. A particularly 
useful configuration is 8.5 cm in length by 0.5 cm 
in width. The thickness of the test device can also 
vary and generally is 0.05 to 0.25 cm. Typically, 
the three layers can include a 0.02 cm thick 
reagent top layer, a plastic and adhesive spacer 
layer, which can be approximately 0.02 cm thick, 
and a lower layer which can be of a suitable 
thickness; e.g. 0.02 cm thick. 

Figure 2 is a perspective view of a different 
embodiment of a capillary gap device 21 of the 
invention composed of three layers; i.e., a top or 
reagent layer 24, a plurality (i.e. four) of spacer 
means 23, 23' and a strip handle layer 22. In this 
embodiment, the spacer means is in the form of 
four spacer means 23, 23', etc. located at each of 
the four comers of the top reagent film layer 24. In 
this variation, there is provided air vent voids 26 on 
the sides of the device to permit any air entering 
the capillary channel 25 to escape easily and 
quickly. Further, in this embodiment, the spacer 
means can be contoured in a curved shape on the 
interior which avoid sharp corners and thereby fa- 
cilitate liquid and gas flow. 

In the embodiments shown in Figures 1 and 2, 
the capillary gap or channel 5, 25 is of consider- 
able breadth, b. which is at least 1/3 and preferably 
at least 1/2 as large, as the entire width of the layer 
2. 22. The capillary channel 5 in Figure 1 passes 
through for the entire length. I, of the top layer 4. In 
the embodiment shown in Figure 2, the air vent 
voids 26 located at the side of the device are also 
at least 1/3 and preferably at least 1/2 as wide as 
the length of the top layer 24. These large open- 
ings enable the rapid release of entrapped air. 

Figure 3 shows a top view of still a further 
embodiment of a partially assembled capillary gap 
device 31 of the invention including an elongated 
handle layer 32, a spacer layer 33, a sample cham- 
ber read area 34, entry port 35, air vent channel 36 
and air vent 37. The air vent channel 36 extends 
from and connects the sample chamber read area 
34 with the air vent 37. Sample entry port 35 
connects with the sample chamber read area 34. 
The surfaces are smoothly contoured, as may be 
seen, so that sharp comers are generally avoided. 
The reagent top layer is not shown, but will nor- 
mally extend over the entire distance of the spacer 
layer 33. In the embodiment represented by Figure 



3, the length of the air vent channel 36 and the 
location of the air vent 37 are such that in using the 
device, it would be intended that air vent 37 would 
always be located above the liquid level during the 

5 immersion step. While Figure 3 shows a single 
sample chamber read area 34, it is to be under- 
stood that the device 31 can be made so as to 
include a plurality of such chambers connected to 
each other in series along the length of the strip to 

io enable multiple readings; i.e., determinations of dif- 
ferent anaiytes in the same sample or duplicate 
determinations of the same analyte present in the 
tested sample. 

In Figure 3. the spacer layer 33 is formed of a 

75 conventional plastic material that is heat defor- 
mable and is punched out or molded to form the 
channel 36 and chamber read area 34. The top and 
bottom surfaces of layer 33 can be formed with 
dimples, pyramids or projections formed thereon to 

20 provide for good welding and bonding together 
when all the layers are united. 

According to another embodiment of the 
present invention (not shown in the drawings), there 
is provided a capillary device of generally rectan- 

25 gular geometry which is formed of a top reagent 
layer and the bottom handle layer. In this embodi- 
ment of the invention, which generally can have the 
same shape and configuration as the embodiments 
of Figures 1 and 2, there is no separate spacer 

30 layer. The capillary channel and/or sample cham- 
ber, and and other openings, ports and channels 
can be directly formed in the top layer or in the 
handle layer. These openings, passageways and 
chambers can be formed in the top layer by drill- 

35 ing, cutting out, molding or any other means of 
formation that may be convenient. The top layer 
and the handle can be joined together by adhesive 
other suitable means, e.g., snap fit 

As is the case with other embodiments, the 

40 bottom layer can be clear and transparent, or trans- 
lucent to facilitate observation. It can also be opaq- 
ue. Any convenient and known plastic or other 
synthetic material can be used for this purpose 
such as polystyrene, polyolefins, polyamides, poiy- 

45 esters and the like. Further, as the case with other 
embodiments, the dimensions of the capillary gap 
device are generally similar but can vary as conve- 
nient or as desired. 

The reagent layer, either as a mono-or mul- 

50 tilayer reagent material or matrix, can be conve- 
niently secured to the strip layer or spacer by any 
suitable adhesive material (not shown) which can 
be separately applied in a sufficient amount to 
adhere both layers together in a secure, permanent 

55 fashion. Alternatively, depending upon the com- 
position of lower layer and reagent layer, they can 
be thermaJly fused together or fused by laser 
means or any other suitable means as will be 
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apparent to those skilled in the art. 

The adhesive pattern in accordance with the 
desired configuration can be applied, e.g., printed 
or screened onto the inner surface of the covering 
reagent layer or the lower layer or both layers in 
whatever thickness is required. 

In operation, the dip and read device of the 
present invention is dipped into a sample of urine 
or other fluid containing the desired analyte. The 
stick can be rapidly dipped into the fluid and quick- 
ly withdrawn. Any excess liquid quickly drains from 
the device. The total time required is usually just a 
few seconds, typically about 2 seconds, and it is 
limited only by the rate at which the device can be 
immersed and withdrawn from the sample liquid. 

As explained above, the main purpose of the 
device of the invention is to provide a quick and 
easy means to enable the testing of large volume 
sample fluids without requiring any washing or wip- 
ing of excess sample and without interference by 
entrapped air. In the device shown herein, any air 
is quickly vented to the surroundings because of 
the configuration of the capillary gap itself, the side 
vents and/or the air vent channel extending above 
the surface of the sample. 

Any reagent substance can be used for pur- 
poses of the invention provided the reagent con- 
tains at least one material that is interactive or 
responsive in the presence of an analyte positive 
liquid present in the specimen to be tested. In 
various instances, the interactive material can be 
responsive to an analyte or a precursor or a reac- 
tion product of an analyte to effect the production 
of a change within the element by virtue of the 
reactive material. Thus, the reagent layer is per- 
meable to at least one component present in the 
sample and is preferably of a substantially uniform 
permeability to those substances which are tested 
for in the test specimen. The term "permeable" as 
used herein indicates the ability of a substance or 
the layer to be penetrated effectively by a material 
carried in the test liquid. Uniform permeability of a 
layer refers to permeability such that when a 
homogeneous liquid is provided uniformly to a sur- 
face of the layer, identical measurements of the 
concentration of such liquid within the layer can be 
made through different regions of the surface of the 
layer permitting substantially the same results, 
within about 10%. to be obtained for each mea- 
surement Because of the uniform permeability, 
undesirable concentration gradients can be avoided 
in the reagent layer. Such reagent layers are well 
known in the art and any suitable one can be used 
for purposes of the invention. 

One or more surface active agents can be 
utilized to coat the interior of the capillary gap in 
the device so as to permit and facilitate liquid 
transport of the specimen into the sample chamber 



and/or the excess liquid overflow compartment. A 
broad variety of ionic and nonionic surface active 
agents can be used for this purpose. For example, 
the well known ionic surface active agents such as 

5 alkali metal and alkyl sulfates, wherein the alkyl 
group has more than 8 carbon atoms, such as 
sodium dodecyl sulfate, can be utilized. Nonionic 
surface active agents such as the many examples 
set forth in McCutcheon's "Detergents and Emul- 

10 sifyers" 1974, North American Edition by the Al- 
lured Publishing Corporation can be used. 

Analytical elements of the present invention 
can be adapted for use in carrying out a wide 
variety of chemical analyses, not only in the field of 

15 clinical chemistry but in chemical research and in 
chemical process control laboratories. 

The invention is well suited for use in clinical 
testing of body fluids, such as blood, blood serum 
and urine, since in this work a large number of 

20 repetitive tests are frequently conducted and test 
results are often needed a very short time after the 
sample is taken. In the field of blood analysis, for 
example, a multilayer element can be adapted for 
use in carrying out quantitative analyses for many 

25 of the blood components which are routinely mea- 
sured. Thus, for example, the element can be read- 
ily adapted for use in the analysis of such blood 
components as urea nitrogen, chloride, glucose 
and uric acid, as well as many other components % 

ho by appropriate choice of test reagents or other 
interactive materials. In analyzing blood with an 
analytical element of this invention, the blood cells 
may first be separated from the serum, by such 
means as centrifuging, and the serum applied to 

35 the element However, it is not necessary to make 
such separation, especially if reflective spec- 
trophotometric analysis techniques are used to 
quantify or otherwise analyze the reaction product 
formed in the element as whole blood can be 

40 applied directly to the element and the blood cells 
filtered out through the action of a filtering layer. 
The presence of these cells on the element will not 
interfere with spectophotometric analysis if it is 
carried out by reflection techniques. 

46 Reagent layers in the devices of the invention 
can be permeable or porous to samples obtained 
from a metering or spreading layer or to reaction 
products thereof. A multilayer reagent layer can 
include a metering or spreading layer. As used 

so herein, the term "permeability" includes permeabil- 
ity arising from porosity, ability to swell or any 
other characteristic. Reagent layers can also in- 
clude a matrix in which an interactive material is 
distributed, i.e., dissolved or dispersed. The choice 

55 of a matrix material is, of course, variable and 
dependent on the intended use of the element 
Desirable matrix materials can include hydrophilic 
materials such a hydrophilic colloids, preferably in 
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the form of a water-swellable gel. Useful hydro- 
philic materials include both naturally occurring 
substances like gelatin, gelatin derivatives, hydro- 
philic cellulose derivatives, polysaccharides such 
as dextran, gum arable, agarose and the like, and 
also synthetic substances such as water-soluble 
polyvinyl compounds like polyvinyl alcohol and 
polyvinyl pyrrolidone, acrylamide polymers, etc. 
Organophilic materials such as cellulose esters and 
the like can also be useful, and the choice of 
materials in any instance will reflect the use for 
which a particular element is intended. 

To enhance permeability of the reagent layer if 
not porous, it is often useful to use a matrix ma- 
terial that is swellable in the solvent or dispersion 
medium or liquid under analysis. The choice of a 
reagent layer matrix in any given instance may also 
depend in part on its optical or other properties that 
could affect radiometric detection. The reagent lay- 
er should be non-interfering with respect to any 
intended result of the detection procedure. Also, it 
may be necessary to select material that is com- 
patible with the application of an adjacent layer, 
such as by coating means, during preparation of 
the element As an example, where the formation 
of discrete layers is desired and the intended ana- 
lysis will be of aqueous liquids, it may be appro- 
priate to select an essentially water soluble matrix 
for the reagent layer and essentially organosoluble 
or organodispersible ingredients for an adjacent 
layer, such as a spreading layer. In such manner, 
mutual solvent action is minimized and a clearly 
delineated layer structure can be formed. In many 
cases, to facilitate the formation within the spread- 
ing layer, it may be desirable to have the reagent 
layer of lower permeability than is the spreading 
layer itself. Relative permeability can be deter- 
mined by well-known techniques. 

In various embodiments of the present ele- 
ments, the interactive material in the reagent layer 
interacts with the analyte material to which the 
element is responsive. In other embodiments, the 
interactive material can interact with a precursor or 
a product of an analyte, as appropriate in view of 
the analysis mechanism of choice. The term 
"interactive" is meant herein to refer to chemical 
reactivity such as reactivity by addition, protona- 
tion. decomposition, etc.. activity as in the forma- 
tion of an enzyme-substrate complex, activity as is 
produced as a result of enzymatic action as well as 
any other form or composition of chemical or phys- 
ical interaction able to produce or promote within 
the element such as in the reagent layer, the 
formation of a radiometricaily detectable change, 
i.e., one that is detectable by suitable measure- 
ment of light or other electromagnetic radiation. 

The distribution of interactive material can be 
obtained by dissolving or dispersing it in the 



reagent matrix material. Although uniform distribu- 
tions are often preferred, they may not be neces- 
sary if the interactive material is. for example, an 
enzyme. Reagents or other interactive materials 

5 soluble in the liquid under analysis can advanta- 
geously be immobilized in the reagent layer, par- 
ticularly when the reagent layer is porous. 

The particular interactive materials that can be 
distributed within a reagent layer will depend on 

to the analysis of choice. In the case of glucose 
analysis, a ferricyanide compound can be used. 
Glucose reacts with ferricyanide and the reaction 
causes a decrease in the yellow color characteristic 
of ferricyanide. In testing for uric acid, as in blood 

75 of serum, a mixture of copper sulfate and 
neocuproine can be distributed in the reagent layer 
matrix. Uric acid causes reduction of cupric copper 
to cuprous copper that can complex with the 
neocuproine to form a colored material that is pro- 

20 portional in density to the concentration of uric acid 
in the analyzed liquid. In the case of many analy- 
ses, enzymes such as oxidase materials like glu- 
cose oxidase can desirably be included as inter- 
active materials within a reagent layer of an ele- 

25 ment intended for the analysis of an analyte that is 
a substrate for such enzyme. As an example, an 
oxidative enzyme can be incorporated into a 
reagent layer together with peroxidase or a perox- 
idative material and a chromogen material or com- 

30 position that upon oxidation in the presence of 
peroxidase (or another substance having perox- 
idative activity) and the hydrogen peroxide formed 
upon interaction of an oxidase and its substrate, 
provides a dye or other detectable species. An 

35 interactive material that, upon appropriate interac- 
tion, provides directly a detectable change in the 
element is also termed an indicator. A plurality of 
materials, including at least one interactive ma- 
terial, that act together to provide a detectable 

40 change in the element is collectively termed an 
indicator composition. 

Chrpmogenic materials or compositions that 
contain an oxidizable moiety and can provide a 
detectable species include certain dye providing 

45 materials or compositions. In one aspect, a dye can 
be provided by a compound, that when oxidized, 
can couple with itself or with its reduced form to 
provide a dye. Such autocoupling compounds in- 
clude a variety of hydroxylated compounds such as 

50 orthoaminophenols, alkoxynaphthols, 4-amino-5 
pyrazolones, cresols, pyrogaiiol, guaiacol. orcinol. 
catechol phloroglucinol. p.p-dihydroxydiphenyl, gal- 
lic acid, pyrocatechoic acid, salicyclic acid, etc. 
Compounds of this type are well known and de- 

55 scribed in the literature, such as in Tine Theory of 
the Photographic Process , Mees and James Ed. 
(1966), especially at Chapter 17. In another aspect, 
the detectable species can be provided by oxida- 
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tion of a leuco dye to provide the corresponding 
dyestuff form. Representative leuco dyes include 
such compounds as leucomalachite green and 
leucophenolphthaleln. In yet another aspect, the 
detectable species can be provided by dye provid- 
ing compositions that include an oxidizable com- 
pound capable of undergoing oxidative condensa- 
tion with couplers such as those containing pheno- 
lic groups or activated methylene groups, together 
with such a coupler. Representative of such oxidiz- 
able compounds include benzidene and its homo- 
logs, p-phenylenediamines, p-aminophenols, 4- 
aminoantipyrine, and the like. A wide range of such 
couplers, including a number of autocoupling com- 
pounds, is described in the literature. 

Alternatively, some materials or compositions 
contain a reducible moiety that can provide a 
radiometrically detectable compound. This com- 
pound may be either formed or destroyed by the 
reductive process. Examples of the former type of 
chemistry may be found in the direct radiometric 
measurement, usually at a wavelength of 340 nano- 
meters, of reduced nicotinamide adenine 
dinucleotide (reduced NAD) as may be formed by 
the reaction of glucose with glucose de- 
hydrogenase and NAD, as well as in the further 
reaction of reduced NAD with diaphorase and any 
one of a variety of tetrazolium compounds and 
subsequent radiometric detection of the resulting 
formazan. A specific example of such a tetrazolium 
is iodonitrotetrazolium chloride (INT) which, upon 
reduction, produces a red colored formazan. 2,6- 
Dichlorophenolindophenol is an example of a com- 
pound whose color is destroyed upon reduction. 

Additional layers can also be arranged to pro- 
vide for a variety of chemistries or function and to 
provide a function in its own layer or in combina- 
tion with another reagent layer. Thus, a plurality of 
layers can be utilized. Filtering, registration or mor- 
danting functions can be provided for by additional 
layers. Prior art is replete with examples of multiple 
layers such as is found in U.S. Patents 4,042,335 
and 4,050,898, for example. 

As used herein, the term "reagent" and ex- 
pression "reagent layer" mean a material that is 
capable of interaction with an analyte, a precursor 
of an analyte, a decomposition product of an an- 
alyte or an intermediate. For example, one of the 
reagents can be a radiometrically detectable spe- 
cies which is mobilized by the analyte from a 
radiometrically opaque portion or layer of the ele- 
ment to a radiometrically transparent portion or 
layer such as a registration layer. 

Interaction between the reagents of the reagent 
composition and the analyte is therefore meant to 
refer to chemical reaction, catalytic activity as in 
the formation of an enzyme substrate complex or 
any other form of a chemical or physical interaction 



including physical displacement that can produce 
ultimately a radiometrically detectable signal in the 
element. 

Further modifications and variations of the in- 
5 vention will be apparent from the foregoing and are 
intended to be encompassed by the claims appen- 
ded hereto. 



70 Claims 

1. A reagent test device for the testing of fluid 
samples comprising oppositely disposed top and 
bottom surface layers defining therebetween a 

rs capillary zone of intended liquid transport of a test 
liquid, said top and bottom surface layers being 
spaced apart at a distance no greater than which 
will maintain a capillary flow of said test liquid 
therebetween and wherein said capillary zone com- 

20 prises a sample test chamber, and said top surface 
layer contains interactive material capable of reac- 
tion with a component of said test liquid to provide 
a detectable response, said bottom layer extending 
beyond sad top surface layer to form a handle for 

25 said device, 

an air vent means extending from said sample 
test chamber between said top and bottom surface 
layer and which functions to permit any entrapped 
air from the test liquid to escape from the sample 

30 test chamber. 

a sample entry port for introduction of said test 
liquid into said capillary zone, said sample applica- 
tion port being in communication with said sample 
test chamber. 

05 2. The device as set forth in claim 1, wherein 
the distance between said top and bottom surface 
layers is between about 0.007 and about 0.08 
centimeter. 

3. The device according to any of claims 1 and 
40 2, further comprising an adhesive layer interposed 

between said surface layers for sealing said sur- 
face layers together. 

4. The device according to any of claims 1 to 

3, wherein said air vent means, and said sample 
45 test chamber are formed in a surface layer. 

5. The device according to any of claims 1 to 

4, wherein the interactive material is a multiple 
reagent layer. 

6. The device according to any of claims 1 to 
so 5, wherein said sample entry port comprises a 

sample entry port located at the end of said device, 
said port being a relatively narrow passageway 
connected to a sample test chamber of relatively 
larger area, said air vent means being connected to 
55 said chamber by a relatively narrow passageway. 

7. A reagent test strip device for testing a fluid 
sample comprising a top reagent surface layer, a 
bottom strip layer and a spacer layer positioned 
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therebetween and defining a capillary zone of in- 
tended liquid transport of a dimension no greater 
than that which will maintain a capillary flow of 
liquid introduced into said zone, and wherein said 
capillary zone comprises a sample test chamber 5 
containing interactive material capable of reacting 
with a component of said liquid to provide a detect- 
able response. 

an air vent located in contact with said sample 
test chamber and between said layers which func- ;o 
tions to permit any air from the sample test cham- 
ber to escape, 

and a sample entry port for introduction of 
liquid into said capillary zone, said sample entry 
port being in communication with said sample test is 
chamber. 

8. The device as set forth in claim 7, further 
comprising an adhesive layer being formed on the 
underside of the top surface layer adapted to be in 
sealing relation to the spacer layer. 20 

9. The device according to any of claims 7 and 

8, wherein the interactive material is a multiple 
reagent layer. 

10. The device according to any of claims 7 to 

9, wherein the distance between the top layer and 25 
the bottom layer is between about 0.007 and about 
0.08 centimeter. 
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